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ABSTRACT
Noise attenuation performance was measured on the Joint Service Aircrew Mask (JSAM) Fixed Wing (FW) variant with the HGU-55/P, HGU-68/P, and HGU-84/P helmets at the Air Force Research Laboratory's (AFRL) Acoustics facilities at Wright-Patterson Air Force Base in March 2011. American National Standards Institute (ANSI) S12.6 and S12.42 methods were used to measure the passive attenuation of the systems. The objective of this study was to identify the noise attenuation performance and determine if the performance requirements were met as defined in the JSAM-FW Performance Specification. The addition of the JSAM-FW degraded the noise attenuation performance when compared to all the helmets alone: the objective (ANSI S12.42) passive insertion loss (across most frequencies) and the subjective noise attenuation (ANSI S12.6) performance (only low frequencies).
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EXECUTIVE SUMMARY
Noise attenuation performance measurements were collected on the Joint Service Aircrew Mask (JSAM) Fixed Wing (FW) variant Generation 5 worn in combination with service-specific helmets at the Air Force Research Laboratory's (AFRL) acoustics facilities at Wright-Patterson Air Force Base in March 2011. American National Standards Institute (ANSI) methods were used to measure the passive attenuation performance of the flight helmets with and without the JSAM-FW respirator. Passive attenuation was measured using ANSI S12.6-1997(R2002) 1 Methods for Measuring the Real-Ear Attenuation (REAT) of Hearing Protectors, Method A, while passive insertion loss was measured using ANSI S12.42-1995(R2004) 2 Microphone-in-Real-Ear (MIRE) and Acoustic Test Fixture Methods for the Measurement of Insertion Loss of Circumaural Hearing Protection Devices. Noise attenuation of the HGU-55/P, HGU-68/P, and HGU-84/P were measured with and without the JSAM-FW respirator to understand the effect the respirator may have on noise attenuation. The JSAM-FW Performance Specification [71] requirement 3 defined that when integrated, no more than a 3 dB degradation of the measured one-third octave band hearing attenuation shall result when compared to the original (helmet only) configuration. The results showed that the JSAM-FW system degraded the noise attenuation of the three helmets by more than 3 dB at some but not all frequencies.
INTRODUCTION
Flight helmets are donned in military jet aircraft for multiple reasons. Combating noise in the cockpit as well as providing satisfactory voice communication capabilities are just two of them. The JSAM-FW respirator is worn in combination with a flight helmet to provide "above-the-shoulder" chemical/biological (CB) protection for the respiratory system in an actual or perceived CB warfare environment. The JSAM-FW system includes a hood assembly and a torso-mounted equipment assembly. The system was designed to be worn with all the current below-the-neck ensembles. Aircrews wear the JSAM-FW based on threat and operational requirements. Aircrews also perform extended ground duties such as pre-flight, post-flight, rearming, refueling and cargo loading of aircraft while wearing the JSAM-FW and emergency actions such as ground escape and evasion. This system was developed to replace the United States Navy (USN) AP-22P aircrew respirator (AR-5), the United States Air Force (USAF) MBU-19/P aircrew mask (AERP) and MCU-2/P, and the USA M45 protective mask.
In March of 2011, AFRL's 711 th Human Performance Wing, Human Effectiveness Directorate, Warfighter Interface Division, Battlespace Acoustics Branch (711 HPW/RHCB) received a request to evaluate the noise attenuation performance of the HGU-55/P (Figure 1a) , the HGU-68/P (Figure 1b) , and the HGU-84/P (Figure 1c) with and without the JSAM-FW respirator. Each helmet system included a service-specific helmet, an Oregon Aero Zetaliner, no visor, standard earcups with speakers, and an oxygen mask with a valve and hose (MBU-20/P with the HGU-55/P and MBU-23/P with the HGU-68/P and the HGU-84/P). When the helmets were worn in combination with the JSAM-FW, the system included a service-specific helmet, a Joint Strike Fighter (JSF) 
Subjects
Ten paid volunteer subjects (6 male, 4 female) participated in the attenuation measurements on the HGU-55/P, the HGU-68/P, and the HGU-84/P helmets worn with and without the JSAM-FW respirator. All subjects had hearing threshold levels less than or equal to 15 dB hearing level (HL) from 125 to 8000 Hz. The ten subjects ranged in age from 19 to 26 with a mean age of 23 years. Anthropometric head and neck measurements were collected for each subject, as shown in Table 1 . All subjects were expertly fitted by a trained program representative. 2.2 REAT The AFRL REAT facility was used to measure the passive attenuation performance of hearing protectors. The facility was built for the measurement, analysis, and documentation of the sound attenuation properties of passive hearing protection devices. The chamber, its instrumentation, and measurement procedures were in accordance with ANSI S12.6-1997(R2002). 1 The procedures described in ANSI S12.6 consist of measuring the open ear (without the hearing protector, Figure 2 ) and occluded ear (with the hearing protector) hearing thresholds of human subjects using a von Békésy tracking task. These psychoacoustic thresholds were measured two times for the open condition and two times for the occluded condition. The real-ear attenuation at threshold for each subject was computed at each frequency, 125 to 8000 Hz, by averaging the two trials (the difference between open and occluded ear hearing thresholds). The mean and standard deviation was then calculated across all the subjects. 
MIRE
The AFRL MIRE facility was used to measure the passive insertion loss of hearing protectors, Figure 3 . Insertion loss was defined as the algebraic difference in dB between the sound pressure levels (SPL) measured at a reference point with and without the hearing protection device in place. The facility and measurements were operated in accordance with ANSI S12.42-1995(R2004). 2 Miniature microphones (Knowles model BT-1759) were used to simultaneously measure the SPL at the entrance of both ear canals. 105 dB overall SPL was generated and two objective measurements were collected to complete one trial: open ear and occluded ear. Three trials were collected per subject according to the standard. For each subject, the mean of these three measurements was computed for both the open and occluded ear conditions. Average insertion loss for the ten subjects was then calculated for each configuration. 
RESULTS
The ANSI S12.6 real-ear attenuation (REAT) performance and ANSI S12.42 microphone-in-real-ear (MIRE) measurements of the HGU-55/P, HGU-68/P, and HGU-84/P were measured with and without the JSAM-FW respirator (Figures 4-9, Tables 2-7) . The results were analyzed to compare the noise attenuation performance of the flight helmet with and without the JSAM-FW respirator in order to understand the effect the JSAM-FW may have on the system. The JSAM-FW requirement states that the addition of the JSAM-FW respirator shall not degrade the noise attenuation of the flight helmet by more than 3dB.
3.1
REAT -Passive Noise Attenuation Passive noise attenuation performance was measured on the HGU-55/P with and without the JSAM-FW in AFRL's REAT facility. Mean and standard deviation results from 125-8000 Hz are shown numerically in Table 2 and the mean results shown graphically in Figure 4 . The JSAM-FW degraded the noise attenuation of the HGU-55/P by more than 3 dB at 125 and 250 Hz, but resulted in approximately 6 dB improvement at 4000 Hz. 
REAT : HGU-55/P with and without JSAM-FW
REAT passive noise attenuation performance was also measured on the HGU-68/P with and without the JSAM-FW. Mean and standard deviation data from 125-8000 Hz are shown numerically in Table 3 and the mean results shown graphically in Figure 5 . The addition of the JSAM-FW respirator had no negative effect on the flight helmet noise attenuation when comparing the mean noise attenuation of the HGU-68/P with and without the JSAM-FW across all frequencies. REAT : HGU-68/P with and without
JSAM-FW
Passive noise attenuation performance on the HGU-84/P with and without the JSAM-FW was measured in the REAT facility at AFRL. Mean and standard deviation data from 125-8000 Hz are shown numerically in Table 4 and the mean results shown graphically in Figure 6 . The HGU-84/P worn in combination with the JSAM-FW degrades the noise attenuation performance greater than 3 dB when compared to the HGU-84/P alone at 125 and 250 Hz. 
MIRE -Passive Insertion Loss
Passive insertion loss data were collected in the MIRE facility at AFRL on the HGU-55/P with and without the JSAM-FW. Mean data from 125-8000 Hz are shown numerically in Table 5 and graphically in Figure 7 . The addition of the JSAM-FW to the HGU-55/P degraded the noise attenuation greater than 3 dB across all frequencies except 500 and 2000 Hz. 
MIRE: HGU-55/P with and without JSAM-FW
Passive insertion loss data were collected on the HGU-68/P with and without the JSAM-FW in the MIRE facility at AFRL. Mean data from 125-8000 Hz are shown numerically in Table 6 and graphically in Figure 8 . A degradation greater than 3 dB was found across all frequencies except 500 Hz when comparing the HGU-68/P with and without the JSAM-FW. MIRE passive insertion loss data were collected on the HGU-84/P with and without the JSAM-FW. Mean data from 125-8000 Hz are shown numerically in Table 7 and graphically in Figure 9 . The addition of the JSAM-FW to the HGU-84/P had a negative effect on the passive insertion loss for the helmet alone across all frequencies except 500 and 1000 Hz. This negative effect was greater than 3 dB. 
DISCUSSION
It is not surprising that the noise attenuation performance of a flight helmet would be degraded when worn in combination with a CB respirator like the JSAM-FW. Any material or cable that breaks the seal of the earcup in a flight helmet has the ability to cause an acoustic leak. The JSAM-FW requirement was set so that the JSAM-FW, worn in combination with a flight helmet, would degrade the noise attenuation by no more than 3 dB across all frequencies when compared to the flight helmet alone.
Both REAT and MIRE methods were used to collect passive noise attenuation data. REAT methods are psychoacoustic measurements and the data could be used in 
